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加入其它相对廉价的金属能够降低 Pd 纳米材料的成本，提高了 Pd 金属的利用
率。研究表明，纳米材料的性质与其形貌和粒径有很强的相关性。本文通过将置
换反应与共还原反应相结合或采用生物模板如牛血清白蛋白（BSA）、毕赤酵母
菌体（Pichia Pastoris Cells，简称 PPCs）制备出新型 Pd基合金纳米材料，并应
用于电催化乙醇氧化反应。 
首先，结合置换反应与共还原反应法，以聚乙烯吡咯烷酮（PVP）为保护剂，
先用抗坏血酸（AA）还原 AgNO3前驱体，得到粒径分布较窄的 Ag 纳米颗粒，









影响很大。制备条件为 PVP 24 mM，NaOH 7.5 mM，反应温度为 80 oC 时，得到
的 Ag1Pd1合金空心纳米球平均粒径最小（51.4 nm），催化活性可高达 299.48 mA 
mgcat
-1。结合 TEM 和 STEM 对空心纳米球的形成中间状态进行分析，并提出了
空心纳米球的形成机理，以制备的 Ag纳米颗粒为模板牺牲剂，与 Pd(NO3)2发生
置换反应，同时溶液中的 AA共还原两种金属前驱体，在模板表面形成 AgPd 合



















米颗粒。电化学测试结果表明，在 Pd 纳米材料中加入 Au 后，纳米颗粒的电催
化性能有了显著的提高，其中 Au1Pd1纳米颗粒的催化活性最高可达 0.47 A mgcat
-1，
高出 Pd 纳米颗粒的催化活性（0.12 A mgcat
-1）近 3倍，与此同时，Au1Pd1纳米
颗粒的催化稳定性远好于 Pd 纳米颗粒。FTIR 结果表明，BSA 通过分子中肽键
与金属离子进行配位作用，金属离子被还原后，在纳米晶体生长的过程中，有效
阻止了纳米颗粒的团聚。  
































Noble metal nanomaterials are widely used in electronics, catalysis, and the optical 
fields because of their special physical and chemical properties. Pd-based alloy 
nanomaterials have become one of the research hotspots. On one hand, the synergistic 
effect improves the catalytic properties of Pd nanomaterials after the addition of other 
metals. On the other hand, the addition of relatively inexpensive metals could reduce 
the costs of Pd nanomaterials and improve the utilization of Pd. It has been 
demonstrated that the properties of nanomaterials have strong correlation with their 
morphology and size. In this work, some novel Pd based nanomaterials have been 
synthesized through a modified method or using some novel bio-templates such as: 
bovine serum albumin (BSA), and Pichia Pastoris Cells (referred as PPCs). The 
obtained nanomaterials were used for ethanol electro-catalytic oxidation. 
First, using a modified method combining galvanic replacement and co-reduction 
reaction, with the protection of polyvinylpyrrolidone (PVP), AgNO3 precursor was 
reduced by ascorbic acid (AA) to form Ag nanoparticles with regular spherical 
morphology. The Ag nanoparticles acted as sacrificial templates and reacted with 
added Pd(NO3)2. After galvanic replacement and co-reduction reaction, the AgPd 
hollow nanospheres were produced. The structures of the products were confirmed by 
SEM, TEM, HRTEM, STEM, XRD and XPS. The mole ratio of the two metal 
precursors, the concentration of NaOH and PVP in the reaction solution, and the 
reaction temperature had great influence on the morphology and size of as-produced 
nanostructures. The pH value of the reaction solution could be adjusted by NaOH, 
which affected the transformation speed of enol structure into ketone structure of AA 
to achieve control of its reducing capacity. This significantly affected the final 
morphology and size of the products. In addition, the use of PVP could effectively 
prevent agglomeration of nuclei during the growth process to obtain AgPd hollow 
















reduction and nucleus growth rate, thus affecting the size and morphology of hollow 
nanospheres. In alkaline condition, the AgPd alloy hollow nanospheres were used for 
ethanol electro-catalytic oxidation. The results showed that the size of the 
nanoparticles has a strong effect on the catalytic performance. When the molar ratio 
of Ag and Pd is 1:1, the smaller the particle size, the better the catalytic performance. 
Under optimal preparation conditions: PVP 24 mM, NaOH 7.5 mM, and 80 
o
C, the 
catalytic performance of Ag1Pd1 alloy hollow nanospheres could reach 299.48 mA 
mgcat
-1
 with smallest size (51.4 nm). Combing TEM and STEM analysis, the 
intermediate status of AgPd alloy hollow nanospheres during the formation process 
was studied, and their formation mechanism was proposed. The prepared Ag 
nanoparticles as sacrificial templates reacted with Pd(NO3)2 via galvanic replacement 
and two metal precursors were co-reduced by AA. The formed AgPd alloy layer 
covered on the surface of templates, and the interior Ag nanoparticles were etched to 
form hollow area as the reaction progress. Finally, AgPd alloy hollow nanospheres 
were produced. 
Secondly, using bovine serum albumin (BSA) as templates, BSA, HAuCl4 and 
Pd(NO3)2 were mixed for adsorption. After that, sodium borohydride was used to 
reduce the metal precursors rapidly to achieve AuPd alloy nanoparticles of small size 
under the protection of BSA. In their application for ethanol electro-catalytic 
oxidation, after Au was added into Pd nanomaterials, the catalytic performance was 
improved significantly. The catalytic performance of Au1Pd1 alloy nanoparticles could 
reach 0.47 A mgcat
-1
, which was near 3 times more than the catalytic performance 
(0.12 A mgcat
-1
) of Pd nanoparticles, and the stability of Au1Pd1 alloy nanoparticles 
was far better than Pd nanoparticles. FTIR results showed that the BSA interacted 
with metal ions by peptide bond and prevented the agglomeration of nanoparticles 
effectively.  
    Finally, trimetallic nanomaterials were fabricated via a microorganism assisted 
method. Well-defined AuPdAg trimetallic nanowires with large aspect ratio were 
synthesized under the synergistic effect of PPCs, hexadecyltrimethylammonium 
















chemical method. Experimental results showed that the formation of nanowires had 
strong relationship with the dosage of PPCs, CTAB and AA concentration and the 
temperature of reaction solution. PPCs played crucial roles in trimetallic nanowires 
growth. Without PPCs, no nanowires were obtained. CTAB in appropriate 
concentration played a guiding role in promoting the growth of the nanowires. In the 
absence or low concentration of CTAB, isotropic growth took the main part of the 
growth, resulting in rough nanowires. However, at high CTAB concentration, the 
ripening process of nanowires was hindered, resulting in the formation of 
nanoparticles. At low AA concentrations, the growth of nanowires was slow, and 
nanoparticles were produced. High AA concentration accelerated the growth of 
nanomaterials leading to imperfect ripening process. The reaction temperature 
influenced the reduction rate of metal ions, which further affected the nucleation and 
the ripening process, and ultimately affected the nanowires morphology. FTIR results 
showed that, during the trimetallic nanowires formation process, metal ions interacted 
with peptide bonds, hydroxyl and carboxyl groups through coordination reaction on 
the organic surface of PPCs, which demonstrated the roles of PPCs as templates. 
AuPdAg trimetallic nanowires exhibited some catalytic activity towards ethanol 
electro-catalytic oxidation. 
 
Key words: AgPd alloy hollow nanospheres; AuPd alloy nanoparticles; AuPdAg 
trimetallic nanowires; electro-catalytic ethanol oxidation; bovine serum albumin; 
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    贵金属主要包括钌、铑、钯、锇、铱、铂、银和金这八种元素。当贵金属材










    纳米材料的熔点比常规块体材料的熔点要低。当颗粒的粒径达到纳米尺度时，
熔点会大幅度降低，颗粒粒径小于 10 nm 时，该变化尤为明显。例如，Ag纳米

























这对纳米颗粒的催化性质也有着重要的影响，El-Sayed 等考察了 Pt 纳米颗粒的
晶体形貌对催化活性的影响，他们发现，对于铁(III)氰化物与硫代硫酸根离子的
反应，Pt 纳米四面体比 Pt 纳米立方体有更好的催化活性[24]。 
1.1.3 电学性质 
    纳米材料的电学性质与其粒径有着密切的联系。当颗粒的粒径达到纳米尺度
时，纳米材料的电阻温度系数和电阻率会发生明显变化，甚至表现出与块体材料
完全相反的性质[25]。例如，Ag 块体材料是很好的导体，但是，当 Ag 颗粒粒径
降至 15~20 nm 时，其电阻会突然增大，由金属良导体变成了非导体。 
1.1.4 光学性质 
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